19 Bacterial cell division requires assembly of a multi-protein machinery or "divisome" that 
activity of the divisome-associated cell wall enzymes. Collectively these data indicate that Z-ring 73 assembly properties are directly relevant to the regulation of local cell wall remodeling.
74
However, the pathways downstream of Z-ring assembly that regulate cell wall enzymes are 75 largely unknown.
76
FtsZ has three regions: (i) a conserved GTPase domain, (ii) a C-terminal linker (CTL), and (iii) a 77 conserved C-terminal peptide (CTC) ( Figure S1 ) (7). The GTPase domain is structurally similar 78 to eukaryotic tubulin (8-9) and is sufficient for polymerization on binding GTP (4, 10) .
79
Mutations in the GTPase domain affect Z-ring dynamics, organization, and regulation of cell 80 wall synthetic enzymes, at least in some bacteria (5-6). The CTC is composed of a conserved α- are tolerated to some extent, but significant changes to CTL sequence impact protein stability 91 and, therefore, cell division (4) . Complete deletion of the CTL causes dominant lethal defects in 92 Z-ring assembly and cell lysis, at least in C. crescentus and B. subtilis (4, 11) . Identifying the We previously showed that the expression of FtsZ lacking its CTL ("ΔCTL", wherein the
96
GTPase domain is fused directly to the CTC) in the α-proteobacterium C. crescentus causes 97 misregulation of cell wall enzymes resulting in the formation of spherical envelope bulges at the 98 sites of ΔCTL assembly and rapid cell lysis (4) . Using a fluorescent fusion to ZapA, a protein 99 that binds FtsZ, we found that FtsZ superstructure was affected in ΔCTL: ∆CTL formed large, 100 amorphous assemblies instead of focused rings (4) . FtsZ with a minimal CTL of 14 amino acids 101 (L14) exhibited WT-like Z-ring shape and did not lead to bulging and lysis. In vitro, ∆CTL 102 polymerizes into straight multi-filament bundles that are significantly longer than the curved 103 protofilaments observed for WT FtsZ or L14 by electron microscopy (4, 10). Moreover, ∆CTL 104 exhibits lower GTP hydrolysis rates, reduced polymer turnover, and increased protofilament 105 lateral interactions compared to WT FtsZ in vitro (4, 10, 14) . These effects result in the 106 formation of stable networks of ∆CTL protofilaments on membranes, in contrast to small bulging and lysis but only in the absence of a CTL from either organism. Together, our results
123
suggest that the CTL is required for proper Z-ring assembly, and the interaction between the 124 CTC and FtsA is required for CTL-dependent signaling from Z-ring structure and/or dynamics to 125 the regulation of cell wall enzymes in cells.
126

Results and Discussion
128
The CTL of FtsZ impacts Z-ring superstructure in vivo 129 We previously observed that the CTL affects the higher order assembly of FtsZ polymers in vitro
130
(10, 14). Z-ring structure also appears to be regulated in a CTL-dependent manner in cells when 131 imaged using a fluorescently-labeled FtsZ binding protein (ZapA-Venus) (4 (elongation and slower doubling time), as controls (4) ( Figure S1 ).
144
We expressed mNG fusions to FtsZ or CTL variants using the xylose-inducible P xylX promoter 145 while simultaneously depleting WT FtsZ using strains wherein the only copy of ftsZ is under the 
158
We quantitatively analyzed Z-ring intensities and structures using MicrobeJ (15) and Oufti (16).
159
To avoid potential effects of cell length on Z-ring organization, we focused on cells 3-5 µm long, proportion of fluorescence signal in the Z-ring than those expressing mNG-FtsZ ( Figure 1C ).
169
The fraction of mNG-HnCTL was lower than each of the other CTL variants, suggesting a lower 170 tendency to assemble into polymers at the Z-ring, while that of mNG-L14 was similar to WT that indeed, mNG-∆CTL and mNG-L14 levels were ~5-fold higher than mNG-FtsZ or mNG-
183
HnCTL and that these levels increased relative to mNG-FtsZ over time ( Figure S4 ). mNG-L14 184 was present at higher levels than mNG-∆CTL, whereas mNG-HnCTL had levels nearly 185 equivalent to mNG-FtsZ ( Figure S4 ). Since all mNG fusions were expressed using identical 186 induction conditions, increased steady state protein levels are likely due to differences in post-187 translational stability.
188
Finally, we tested if the structures formed by the CTL variants were influenced by the presence EcGTPase and CcCTC (EcGTPase-CcL14-CcCTC) did not cause constriction or cell envelope 254 defects. We confirmed by immunoblotting using antibodies against both C. crescentus and E. 255 coli FtsZ that there were no significant differences in the expression levels of these chimeras that 256 could account for the differences in phenotypes observed ( Figure S7 ). 
275
As shown previously, Cc∆CTL formed straight multifilament bundles that were often longer 276 than a micron, in addition to the structures similar to those formed by CcFtsZ. Ec∆CTL, on the 277 other hand, did not form large multifilament bundles. However, Ec∆CTL polymers were more 278 dense on the grid than EcFtsZ and, in addition to gently curved structures similar to EcFtsZ,
279
Ec∆CTL formed straight and curved bundles that had multifilament thickness. Overall, whereas
280
CcCTL prevents the formation of long straight bundles, EcCTL has a milder effect on lateral 281 interaction. Nevertheless, the CTL appears to be important for regulating interprotofilament 282 interactions in both C. crescentus and E. coli.
283
FtsA is required for ΔCTL-induced bulging 284 The ability of EcGTPase-CcCTC to cause bulging and lysis suggests that divisome proteins that 
Materials and Methods
375
Caulobacter crescentus growth media and conditions 376 C. crescentus NA1000 cells were grown at 30 °C in peptone yeast extract (PYE) media. 
411
Growth rate measurement
412
Cells were grown until they reached log phase. (ChromoTek) was used at 1:1,000 dilution to determine levels of indicated mNG-FtsZ variants at 425 specified time points. anti-Huß antibody was used as a loading control at 1:50,000 dilution (27).
426
anti-rabbit or anti-mouse secondary antibodies conjugated to horseradish peroxidase were used at were pelleted and resuspended in PBS before imaging.
438
FtsZ and ∆CTL from C. crescentus and E. coli were purified using the protocol described for 
